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and grow. Most of the cells can also reproduce. A thin 
covering consisting of proteins and lipid molecules en- 
closes each cell. This covering permits only certain sub- 
stances to enter or leave the cell. 

Neariy all the cells in the body are too tiny to see with- 
out a microscope. Yet packed vvithin each cell is the ma- 
chinery that the cell needs to carry out its many activi- 
ties. For a detailed discussion of a ceirs machinery and 
how it works, see the article Cell (Inside a living cell; The 
work of a cell). 

The body has many basic kinds of cells, such as blood 
cells, muscle cells, and nerve cells. Each kind of cell has 
special features and jobs. 

Cells of the same type form tissues. The body has four 
chief kinds of tissues. (1) Connective tissue helps support 
and join together various parts of the body. Most con- 
nective tissue is strong and elastic. (2) Epithelial tissue 
covers the body surface and so forms the skin. It also 
lines the mouth, the throat, and other passages and cavi- 
ties inside the body. Epithelial tissue prevents harmful 
substances from entering the body. (3) Muscle tissue 
consists of threadlike fibers that can ca/j£racf (shorten}. 
Muscle tissue makes it possible for the body to move. (4) 
Nervous tissue carries signals. It permits various parts of 
the body to communicate with one another 

Organs and organ systems. An organ consists of 
two or more kinds of tissues joined into one structure 
that has a certain task. The heart, for example, is an or- 
gan whose job is to pump blood throughout the body. 
Connective tissue, epithelial tissue, muscle tissue, and 
nervous tissue make up the heart. 

Groups of organs form organ systems. Each organ 
system carries out a major activity in the body. For exam- 
ple, the digestive system consists of various organs that 
enable the body to use food. Similarly, the nervous sys- 
tem is made up of organs that carry messages from one 
part of the body to another and processes them. The re- 
mainder of this article discusses the main organ systems 
of the human body. For more detailed descriptions of 
the major organs and organ systems, see the articles 
listed in the Related articles aX the end of this article. 

The skin 

The skin is the largest organ of the body. The skin, in- 
cluding nails, hair, and sweat glands, is sometimes 
called the integumentary system. If the skin of a 150- 
pound (68-krlogram) person were spread out flat, it 
would cover approximately 20 square feet (IS square 
meters). Skin has two layers: the epidermis and the der- 
mis. Subcutaneous tissues provide protection for the 
skin. 

The epidermis forms the outermost layer of the skin. 
It serves as a barrier between the outside woHd and the 
inner tissues of the body. The outer portion of the epi- 
dermis consists of tough, dead cells that prevent bacte- 
ria, chemicals, and other harmful substances from enter- 
ing the body. It also protects the body's inner tissues 
from the harsh rays of the sun and prevents the loss of 
water from these tissues. 

The dermis is the lower layer of the skin. The dermis 
helps keep the temperature of the body within its nor- 
mal range. The body produces tremendous amounts of 
heat as it uses food. Some of this heat escapes from the 
body through the blood vessels in the dermis. When the 



body needs to retain heat, these blood vessels narrow 
and so limit heat loss. When the body needs to give off 
heat, the blood vessels in the dermis expand and so in- 
crease heat loss. The sweat glands, which come from 
the epidermis, also help control body temperature. 
These glands produce sweat, which is released through 
pores on the skin surface. As the sweat evaporates from 
the surface, it cools the body. 

The dermis also serves as an important sense organ. 
Nerve endings within the dermis respond to cold, heat 
pain, pressure, and touch. 

Subcutaneous tissues He directly beneath the skin: 
They provide extra fuel for the body. The fuel is stored 
in fat cells. Subcutaneous tissues also help retain body 
heat and cushion the inner tissues against blows to the 
body. 

The skeletal system 

The skeleton of an adult consists of more than 200 
bones. The skeleton forms a strong framework that sup- 
ports the body. It also helps protect the intemal organs. 
For example, the brain is shielded by the skull, the spinal 
cord by the spinal column, and the heart and lungs by 
the ribs. 

The skeleton works together with the muscles in en- 
abling the body to move. The bones of the shoulders 
and arms, for instance, serve as levers against which the 
muscles that move the arm can piill. The place where 
bones meet is called a joint There are two basic kinds of 
joints. (1) Movable joints, such as the elbow, knee, and 
shoulder joints, permit varying degrees of motion. The 
bones of a movable joint are held together by bundles 
of tough, flexible connective tissue called ligaments. (2) 
Immovable Joints do not permit any movement of the 
bones. The bones of the skull, except for the jawbones, 
meet in immovable joints. 

The skeleton serves as more than a framework for the 
body and a system of levers to help move the body. 
Bone tissue contains various kinds of cells that play a : 
major role in maintaining the health of the blood. The 
cells of red bone marrow-the soft, fatty core of many 
bones— produce new blood cells and release them into 
the bloodstream. Yellow bone marrow, the most com- 
mon type of marrow in the adult skeleton, stores fat Yel- 
low bone marrow does not normally produce blood 
cells. 

Two kinds of bone cells regulate the mineral content 
of the blood. One kind removes calcium, phosphorus, 
and other minerals from the blood and deposits them in_:^ 
the bone. The other kind dissolves old mineral deposits 
and releases the minerals back into the bloodstream as 
needed. 

The muscular system 

The muscular system moves the body. The body has 
almost 700 muscles, each of which consists of special 
fibers that can contract When a muscle contracts, it 
pulls the tissue to which it is attached. This pulling re- 
sults in movement 

The muscles of the human body can be divided into 
two main types: (1) skeletal muscles and (2) smooth mus- 
cles. A third kind of muscle, cardiac muscle, is found 
only in the heart It has features of both skeletal muscle 
and smooth muscle. 
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of blood pressure. Decreased blood flow to the kidney, 
changes in posture, or blockage of one or both renal 
(kidney) arteries may lead to increased production of 
the enzyme renin by the kidney. This substance causes 
development in the circulating blood of the substance an- 
giotensin II, which causes blood vessels to contract, with 
resultant increase in blood pressure. 

Receptors in great veins, in the aortic arch (the bend in 
the aorta above the heart), and the carotid sinus are sensi- 
tive to changes in blood pressure as blood is forced from 
the ventricles. These receptors, known as baroreceplprs, 
help to modify shifts in pressure. When the receptors are 
stimulated by a rise in arterial pressure, which distends the 
arterial waU, reflexes are initialed that have an inhibiting 
effect on the heart, causing it to beat more slowly and 
with less force. At the same time there is a decrease in the 
constriction of the blood vessels. A fall in pressure, on the 
other hand, causes increased sympathetic and decreased 
parasympathetic nervous stimulation, with resultant in- 
creased heart rate and also a subsequent constriction of 
the blood vessels. 

The force of the heartbeat depends on the initial length of 
the heart muscle fibres, the length of the pause in diastole, 
i^on the oxygen supply, and the integrity and mass of the heart 
muscle, or myocardium. The greater the initial length of 
the muscle fibres in the heart, the more forceful will be 
the contraction. Artificially increasing venous return of 
blood to the heart distends the heart and intensifies the 
force of the beat. The greater inflow is handled by an 
increased output of the heart, without a change in its rate. 
When the ventricle does not completely fill (for example, 
after loss of blood), the force of the heartbeat is reduced! 
When the venous inflow during diastole is increased, as in 
muscular exercise, the beats become more forceful.' If, as 
a result of excessive filling, the fibres are overstretched, a 
weak contraction results, with diminished cardiac output; 
consequently, the heart does not adequately empty itself 
The force of the heart is also diminished if the diastolic 
phase is too short and there is inadequate filling. 
Blood pressure is measured with a device called a sphyg- 
momanometer. The pressure of blood within the artery is 
balanced by an external pressure exerted by air contained 
in a cuff applied externally around the arm. Actually, it 
is the pressure within the cuff that is measured. The steps 
employed in determining blood pressure with a sphygmo- 
manometer are: 

1. The cuff is wrapped securely around the arm above 
the elbow. 

2. Air is pumped into the cuff with a rubber bulb until 
pressure is sufficient to stop the flow of blood in the 
brachial artery (the principal artery of the upper arm) 
Pressure within the cuff is shown on the scale of the 
sphygmomanometer. 

3. The observer places a stethoscope over the brachial 
artery just below the elbow and gradually releases the air 
from within the cuff. The decreased air pressure permits 
the blood to flow, filling the artery below the cuff. Faint 
tapping sounds corresponding to the heartbeat are heard. 
When the sound is first noted, the air pressure within the 
cuff is recorded; on the scale. This pressure is equal to the 
systolic blood pressure. 

^4. As the air in the cuff is further released, the sounds 
become progressively louder, until the sounds change in 
quality from loud to soft and finally disappear. The 
pomt at which the sound completely disappears should be 
recorded as diastolic blood pressure. 

THE BLOOD VESSELS 

Because of the need for the early development of a trans- 
port system within the embryo, the organs of the vascular 
system are among the first to appear and to assume their 
functional role. In fact, this system is established in its 
basic form by the fourth week of embryonic life. At ap- 
proximately the 18th day of gestation, cells begin to group 
together between the outer skin (ectoderm) and the inner 
skin (endoderm) of the embryo. These cells soon become 
rearranged so that the more peripheral ones join to form a 
continuous flattened sheet enclosing more centrally placed 
cells; these cells remain suspended in a fluid medium as 
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primitive blood cells. The lubes then expand and unite to 
form a network; the primitive blood vessels thus appear. 

The blood vessels consist of a closed system of tubes that 
transport blood to all parts of the body and back to the 
heart. As in any biologic system, structure and function 
of the vessels are so closely related that one cannot be 
discussed without the other's being taken into account. 

Arteries transport blood to body tissues under high pres- 
sure, which is exerted by the pumping action of the heart. 
The heart forces blood into these elastic tubes, which re- 
coil, sending blood on in pulsating waves. It is, therefore, 
imperative that the vessels possess strong, elastic walls to 
ensure fast, efficient blood flow to the tissues. 

The wall of an artery consists of three layers (Figures 15 Throe 
and 16), the innermost consisting of an inner surface of layers of 
smooth endothelium covered by a surface of elastic tissues: the artery 
the two form the tunica intima. The tunica media, or wall 
middle coat, is thicker in arteries, particularly in the large 
artenes, and consists of smooth muscle cells intermingled 
with elastic fibres. The muscle-cell and elastic fibres circle 
the vessel. In larger vessels the tunica media is composed 
pnmanly of elastic fibres. As arteries become smaUer, the 
number of elastic fibres decreases while the number of 
smooth muscle fibres increases. The outer layer, the tu- 
nica adventitia, is the strongest of the thr^e layers. It is 
composed of collagenous and elastic fibres. (CoUagen is a 
connective-tissue protein.) The tunica adventitia provides 
a hmiting barrier, protecting the vessel from overexpan- 
sion. Also characteristic of this layer is the presence of 

^^^f • ^ ^- '^^a^con e. Structure and FurKtron in Man ( 1 970): W. B, SaurxJers Co. 




Figure 15: Component parts of arteries and veins. 



small blood vessels called the vasa vasorum that supply 
the walls of larger arteries and veins; the inner and middle 
layers are nourished by diffusion from the blood as it 
IS transported. The thicker, more elastic wall of arteries 
enables them to expand with the pulse and to regain their 
original size. 

The transition from artery to arteriole is a gradual one, 
marked . by a progressive thinning of the vessel waU and 
a decrease in the size of the lumen, or passageway. The 
tunica intima is still present as a lining covered by a 
layer of thin longitudinal fibres. A single layer of circular 
or spiral smooth muscle fibres now makes up the tunica 
rnedia, and the tunica adventitia consists of connective 
tissue elements. 

Being the last small branches of the arterial system, ar- 
terioles must act as control valves through which blood is 
released into the capillaries. The strong muscular wall of 
arterioles is capable of completely closing the passageway 
or permitting it to expand to several times its normal 
size, thereby vastly altering blood flow to the capillaries. 
Blood flow is by this device directed to tissues that re- 
quire it most. 

As the arterioles become smaller in size, the three coats 
become less and less definite, the smallest arterioles consist- 
ing of little more than endothelium, or lining, surrounded 
by a layer of smooth muscle. The microscopic capillary 
tubules consist of a single layer of endothelium, a contin- 
uauon of the innermost lining cells of arteries and veins. 

As the capillaries converge, small venules are formed 
whose function it is to collert blood from the capillary 
beds {i.e.. the networks of capillaries). The venules consist 
of an endothelial tube supported by a small amount of col- 
lagenous tissue and, in the larger venules, by a few smooth 
muscle fibres as well. As venules continue' to increase in 
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